Synthesis of J-111,347 (1), 1) a new 1b b-methylcarbapenem with broad-spectrum antibacterial activity including that against methicillin-resistant Staphylococcus aureus (MRSA) and Pseudomonas aeruginosa, was achieved via diastereoselective preparation of a side-chain thiol 3 from an optically active (R)-3,4-dihydroxybutanal 4.
Several 1b-methylcarbapenems possessing antibacterial activities against MRSA have been reported, although these did not show any appreciable anti-pseudomonal activity.
2)
Carbapenems with activity against MRSA and P. aeruginosa would be useful for monotherapy in immunocompromised patients with a high risk of polymicrobial infections and would also offer cost-benefit advantages considering the relatively high costs of combination therapy that includes broadspectrum antibiotics plus vancomycin.
Recently, we identified J-111,347 (1) as a new class of 1b-methylcarbapenems since 1 exhibited a broad antibacterial spectrum against MRSA and P. aeruginosa.
1) 1 and vancomycin had MIC (mg/ml) values of 0.78 and 0.78 against S. aureus pMS/Smith (an MRSA strain), respectively. Also 1 and imipenem had MIC (mg/ml) values of 0.39 and 1.56 against P. aeruginosa AK109, respectively. The trans-(3S,5R) pyrrolidinylthio structure of the C-2 side chain of 1 is unique, since the known pyrrolidinylthio-1b-methylcarbapenems such as meropenem, BO-2727, and S-4661 possess cis-(3S,5S) pyrrolidinylthio side chains, which were thought to be indispensable for potent antibacterial activity.
3,4) An aminomethylphenyl group directly attached to the pyrrolidine ring in the trans-configuration might play an important role in the remarkable antibacterial activities of 1 against both MRSA and P. aeruginosa. In this paper, we describe diastereoselective synthesis of the side-chain thiol 3, followed by conversion to 1 (Fig. 1) .
Aldol reaction of optically active (R)-3,4-dihydroxybutanal 4 5) with substituted phenyllithium yielded an inseparable diastereomeric mixture of alcohols (5(S) : 5(R)ϭ4 : 3) in 88% yield. To obtain the desired isomer 5(S), we performed diastereoselective reduction of ketone 6 which was formed by the oxidation of 5 with tetrapropylammonium perruthenate (TPAP)-4-methylmorpholine N-oxide (NMO) combination in good yield. It is well known that hydride reduction of b-hydroxy-or b-alkoxy-ketones proceeds diastereoselectively in the presence of Lewis acid to provide a 1,3-syn-diol system via chelating intermediates. 6) Based on this information, ketone 6 was reduced under various conditions with or without Lewis acids, as shown in Table 1 . Reduction with NaBH 4 did not provide acceptable diastereoselectivity, regardless of the temperature and the presence of Lewis acids such as LiI, CeCl 3 , MgCl 2 , and SmCl 3 . Reduction with Zn(BH 4 ) 2 at low temperature (Ϫ78°C) resulted in good selectivity with moderate yield (entry 2, 76%de, 60% yield). Under the conditions of the LiAlH 4 -LiI system, 7) good selectivity and acceptable yield (entry 5, 90%de, 76% yield) were obtained by using 10 mol of LiI at Ϫ78°C. When less LiI was used, both selectivity and yield were decreased (entry 3, 4). Subsequently, the optically active alcohol 5(S) was converted to a carbapenem 1, as shown in Chart 2. The secondary hydroxyl group of 5(S) was substituted with sodium azide via its mesylate. Subsequent phosphine reduction of azide and protection of the resulting amino group with allyloxycarbonyl (Alloc) chloride afforded an Alloc-amine 7.
Removal of the tert-butyldimethylsilyl (TBS) group of 7 with tetra-n-butylammonium fluoride (TBAF) and subsequent introduction of the azide group gave 8 in 91% yield. The azide 8 was transformed to a diol 9 in 78% yield by reduction of the azide, Alloc-protection of the resulting primary amine, and deprotection of the acetonide group under acidic conditions ( p-TsOH, MeOH). LiI ( take place to recover 10, probably due to inactivation of the carbamate group by intramolecular hydrogen bonding. Therefore the secondary hydroxyl group of 10 was protected with a TBS group (TBS-Cl, imidazole, room temperature, 60%), giving 11 prior to the cyclization reaction. The desired pyrrolidine 13 was obtained in quantitative yield by treatment of 11 with tert-BuOK at Ϫ20°C. Next, pyrrolidine ring formation was carried out using a dimesylate of the diol 9. As expected, the dimesylate 12 was easily cyclized under the same conditions to afford 4-mesyloxypyrrolidine 14 (97% yield), which was then treated with potassium thioacetate in DMF at 70°C to produce the thioacetate 15 (87% yield). Coupling reaction of the carbapenem enolphosphate 2 11) and the thiol 3 derived by alkaline hydrolysis of the thioacetate 15 followed by deprotection of the coupling product 12) in the usual manner 13) afforded the carbapenem 1 in 72% yield. In summary, an efficient method for the synthesis of J-111,347 (1), a new carbapenem showing broad-spectrum antimicrobial activity, was established via diastereoselective reduction of the ketone 6 and intramolecular cyclization of the dimesylate 12.
